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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither t h e  United States, nor t he  National Aeronautics 
and Space Administration (NASA), nor any person ac t ing  on 
behalf of  NASA: 

A,) Makes any warranty o r  representation, expressed o r  
implied, with respect t o  t h e  accuracy, completeness, 
o r  usefulness of  the information contained i n  t h i s  
report ,  or t h a t  t he  use of any information, apparatus, 
method, or process disclosed i n  t h i s  r epor t  may not 
infr inge pr iva te ly  owned r i g h t s ;  or  

B.) Assumes any l i a b i l i t i e s  with respect  t o  the use of ,  
o r  fo r  damages r e su l t i ng  from the  use of any infor-  
mation, apparatus, method o r  process d isc losed  i n  
t h i s  report .  

As used above, "person act ing on behalf of NASA" includes any 
employee o r  contractor  of NASA, o r  employee of such contractor,  
t o  the extent t h a t  such enployee o r  contractor  of NASA, o r  
employee of such contractor  prepares, disseminates, o r  provides 
access to,  any information pursuant t o  h i s  employment o r  con- 
t r a c t  with NASA, or h i s  employment with such cont rac tor ,  
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PNEUMATIC NVTATOR ACTUATOR MOTOR 

BY 

C. N. High, G .  R. Howland, J. R. Williamson 

ABSTRACT 

This is t h e  second quarter  repor t  of a twelve- 
. month program t o  design, fabr ica te  and test a k r o t o t y p e  

pneumatic nutator ac tua tor  motor for  drum cont ro l  of a 
nuclear reactor .  The design concept is described in 
t h e  first rep0 2 NASA CR-54204 (BPAD-864-15521R). 

During t h e  second quarter, a l l  components were 
fabricated.  
shown, Further test r e s u l t s  of the breadboard commu- 
t a t i o n  c i r c u i t  are given. 

Photographs of t h e  component p a r t s  a r e  



PNEUMATIC NUIATOR ACTUATOR MOTOR 

BY 

C. N. High, G. R. Howland, J. R, Williamson 

SUMMARY 

This report describes the second quarter 
accomplishments of a twelve-month program to develop a 
pneumatic actuator motor of a new concept. 
motor operates from a pneumatic power supply and produces 
a high torque, low speed mechanical output proportional 
to a pneumatic input pressure differential signal. The 
commutation logic of the motor is accomplished by closed 
loop fluid interaction (vortex type) devices. 

The actuator 

The fabrication status of the mechanical and 
commutation circuit components is given. Further test 
results of the breadboard commutation circuit are also 
presented. 
are listed. 

The anticipated goals for the third quarter 
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SECTION 1 

INTRODUCTION 

The Pneumatic Nutator Actuator Motor is  being developed 
by Bendix Products Aerospace Division under Contract NAS3-5214 
f o r  NASA-Lewis Research Center, 
i s  t o  bui ld  and evaluate a pneumatic actuator  motor f o r  control  
of  a nuclear reactor. The required performance i s  given i n  the  
spec i f ica t ions  of Contract NAS3-5214, 
d i f f e ren t  concept from the  conventional gear, vane o r  p i s ton  
type ac tua tors ,  The log ic  c i r c u i t s  required t o  operate the  
motor have no moving p a r t s  and are composed of f l u i d  i n t e r -  
ac t ion  (vortex type) devices. 

The purpose of t h e  contract  

The motor is of a 

The ana lys is  and design of  the motor was completed i n  
the  first quar te r ,  
manufacture of a l l  component pa r t s ,  including t h e  commutation 
p l a t e s ,  
i n  the first quarter ,  was continued t o  detennine t h e  optimum 
pressure l eve l s  i n  t he  c i r c u i t  and the  effect of replacing 
regulated pressure sources by fixed o r i f i c e s .  

The second qua r t e r  was devoted t o  t h e  

Testing of t h e  breadboard commutation c i r c u i t ,  s t a r t e d  

Section 2 ou t l i nes  the  present s t a t u s  of t he  mechanical 
Section 3 discusses the  s t a t u s  of t h e  commutation components. 

p l a t e s  and descr ibes  the  t e s t  r e s u l t s  of the  breadboard c i r c u i t .  
The t h i r d  quar te r  goals are given i n  Section 4, 
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SECTION 2 

MECHANICAL DESIGN 

2.1 COMPONENTS 

The second quarter  of t h i s  program was devoted exclusively 
t o  fabr ica t ing  the  components and subassemblies which are used 
t o  form t h e  complete actuator-motor, 
of the  report  is  composed of a series of photographs which show 
t h e  r e s u l t s  of t h i s  e f f o r t ,  

Consequently, t h i s  sect ion 

Figure 2-1 shows the  mounting p l a t e  which contains the  
eight  pressure elements and the snubbing mechanism. 
snubbing mechanism cons is t s  of a brake drum attached t o  t h e  
mounting p l a t e  through a torsion bar and fu r the r  res t ra ined  by 
an adjustable  brake band, as indicated i n  the  photograph. 

The 

Flexure pivots are used t o  connect the input gear t o  t h e  
gimbal ring, as shown i n  Figures 2-2 and 2-3. 
takes the  form of a conventional Hooke's j o i n t .  

This subassembly 

Figures 2-4 through 2-6 show t h e  output shaf t ,  t h e  scram 

These three subassemblies cons t i t u t e  the  mechanical 
spring, and the  output shaf t  assembly containing t h e  output 
gear, 
port ion of the  actuator-motor and w i l l  be assembled in to  the  
main housing shown i n  Figure 2-7. 

The complete assembly is  shown schematically i n  Figure 
2-8. 

2-1 



FIGURE 2-1 MOUNTING PLATE CONTAINING PRESSURE ELEMENTS 
AND SNUBBER MECHANISM 

FIGURE 2-2 INPUT GEAR AND GIMBAL RING - FRONT VIEW 
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FIGURE 2-3 INPUT GEAR AND GIMBAL RING - REAR VIEW 
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FIGURE 2-5 SCRAM SPRING 

, 

FIGURE 2-6 OWPUT SHAFT ASSEMBLY CONTAINING OUTPUT GEAR 
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FIGURE 2-7 MAIN HOUSING 

2 .2  ?RC,SE?E STA??!S 

Due to a rework requirement on the bearings, assembly of 
the actuator was delayed for  approximately one month. 
all components and subassemblies are complete and assembly has 
started, 

At present, 

2.3 TEST FIXTURES 

All test fixtures and adaptors are complete. The only 
component outstanding is the potentiometer for position indica- 
tion on the drum test rig. The potentiometer is expected to be 
delivered by January 15, 1965. 

2 -5 
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SECTION 3 

COMMUTATION CIRCUIT 

3.1 DEVELOPMENT OF COMMUTATION CIRCUIT COMPONENTS 

3 . 1.1 Breadboard Commput at ion Circuit 

Figure 3-1 is a photograph of the breadboard commutation 
Figure 3-2(a) illustrates the flow diagram and Figure 3-2(b) 

Significant variations 

circuit. 
the test results using externally regulated supply pressures. 
3-3(a) illustrates the flow diagram of and Figure 3-3(b) the test 
results using fixed-orifice pressure reducers. 
in the selector and power supply pressures occurred in the fixed- 
orifice circuit test results. 
affect the power valve output pressures significantly. 
illustrates the fixed-orifice circuit employing a vortex valve 
pressure regulator and a different method of pressure manifolding. 
The variations in the selector and power supply pressures, shown in 
Figure 3-4(b), are reduced significantly and the power valve output 
pressures are comparable to those of the externally regulated 
commutation circuit. This modification can be readily made to the 
commutation plates if tests on the circuit indicate the necessity. 

Figure 

It can be seen that these variations 
Figure 3-4(a) 

The selector valve stage pressure level was reduced from 
180 psig to 170 psig. 
reduced to 150 psig, with further development. 
pressure level reduces the pressure recovery requirements of the 
directional amplifier. 

It is anticipated that this pressure can be 
Lowering the selector 
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High 
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Ps = 200 psig 
Pvent 35 Psig 
Fluid I N2 Gas at 70°F 
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FIGURE 3-2(b) MODEL COMMUTATION CIRCUIT - EXTERNAL REGULATION 
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High 
P a s u r e  

Ps = 200 psig 
Pvent = 35 psig 
Fluid: N2 Gas at 70°F 

FIGURE 3-3(b) MODEL COMMUTATION CIRCUIT - FIXED ORIFICES 
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High 

P7e 
Ps = 200 ps ig  

Pvent = 35 Psig 
Fluid = N2 Gas at 70°F 

FIGURE 3-4(b) MODEL COMMUTATION CIRCUIT - FIXED ORIFICES 
WITH INTERNAL REGULATION 
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3.1.2 Directional Amplifier 

Bistable jet-on-jet amplifiers have been obtained from 
the Bendix Research Laboratories Division and the Bendix Sheffield 
Division for evaluation tests and compatibility with the breadboard 
commutation circuit. Initial calibration has been performed with a 
15 psig supply pressure and atmospheric vents. 
will be done with the vents back-pressured to give a receiver 
pressure of 150 psig. If stable latching can be maintained, the 
bistable unit will be incorporated with the pressure error valve 
and the breadboard circuit. 

Further testing 

3.1.3 Pressure Error Valve 

Development has been started on the design of a low 
gain vortex summing valve for use as the pressure error valve. 
Minimum pressure gain is required to reduce the sensitivity 
requirements of the directional amplifier and avoid potential 
noise problems in the command pressure signals. 

Test vortex valves were fabricated in which the 
control port was canted from the chamber tangent to an angle of 
loo, ZOO, and 30° toward the radial. 
is given in Figure 3-5. It can be seen that a gain improvement 
resulted. 

A calibration of the valves 

Figure 3-6(a) illustrates the results of moving the 
control port nearer the outlet. The gain for the conventional 
valve, Curve A, is 40. (All pressure gains are taken over the 
linear portions of the curves.) The pressure Curve B is offset 
with respect to Curve A. It is possible that a higher control 
pressure is needed to compensate for a smaller effective swirl 
diameter. 
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J 

1.00 Dia, &L 
,030 

.040 Dia, PO T a p  

.080 Dia, Vent ,125 Deep 

Ps = 100 p s i a  
Pvent = 15 p s i a  
Fluid 5 N 2  Gas a t  70°F 

Angle of Control 
Port ( 8 )  

v - oo 
* - 10" 
x - 20' 
A - 30' 

100 

90 

80 

70 

60 
myl g G  50 

z 
i2 4 

k!' 40 

0 
!3 

30 

20 

10 

0 

P PSIA ' 

CONTdf, PRESSUBE 
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1 , 00 D i a . 9  t r i . 0 3 O  -<o 

,125 Deep 

,080 D i a .  Vent 
,040 D i a .  Po Tap 

my . 125 
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Pvent = 15 psia 
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FIGURE 3-6(a) PRESSURE CURVES FOR VORTEX VALVES WITH CONTROL PORTS 
ENTERING THE CHAMBERS AT DIFFERENT R A D I I  
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Figure 3-6(b) shows the  e f fec t  o f  adding another supply 
po r t  t o  the chamber, 
i n i t i a l  control and Po pressure fo r  valve B is  lower than f o r  valve 
A. 
i n  valve B is  higher than i n  valve A and t h a t  t he re  are more turbulen t  
losses  i n  valve B, 

The gain of each valve i s  40. 

This i s  most l i k e l y  due t o  the  f a c t  t h a t  t h e  supply flow ve loc i ty  

However, t h e  

Figure 3-6(c) i l l u s t r a t e s  t he  e f f e c t  of introducing 
control  flow t o  t h e  supply flow before both flows reach t h e  mixing 
chamber. The gains of valves A and B are 2 1  and 12, respect ively,  
as compared t o  40 f o r  t he  conventional valve. 
i n  t he  minimum Po pressure as the  control  por t  is  moved farther up 
the  supply por t ,  
supply flow is shut o f f .  

There is  an increase 

Also, t he  minimum PO pressure occurs before the  

Figure 3-6(d) shows t h a t  by introducing a s p o i l e r  i n t o  
the  mixing chamber, d i f f e ren t  gains can be accomplished. 
f o r  t h e  three curves shown are 40, 8, and 2. 

The gains 

O f  t h e  designs t e s t ed ,  the  most promising f o r  t h e  
pressure e r ror  valve appl icat ion i s  t h e  spo i l e r  design, f o r  t h e  
following reasons: (1) low gains are e a s i l y  a t ta ined,  (2) t he  
gain is  eas i ly  adjustable ,  and (3) a high minimum Po is associated 
with a low gain. 
with a high pressure e r ror ,  t h e  output pressure w i l l  not  decrease 
below a given level. 

This is des i rab le  because i f  t h e  valve is  sa tura ted  

Further t e s t s  w i l l  be conducted employing a r e s t r i c t i o n  
i n  t h e  valve i n l e t .  

3-12 



r .030 

1.00 Dia. 

.125 Deep 

50 

45 

4 0  

35 

30 

25 

20 

15 

10 

0 

.080 Dia. Vent 

.040 Dia. Po Tap 

Dia. 

Ps = 45 'psia 
Pvent = 15 psia 
Fluid = N2 Gas at 

70°F 

o - 4 4  45 46 47 48 49 so 
P,, PSIA 

CONTROL PRESSURE 

FIGURE 3-6(b) PRESSURE CURVES FOR VORTEX VALVES WITH 
A DIFFERENT NUMBER OF SUPPLY WRTS 

3-1 3 



J 

\ ,125 Deep \ 

3-14 

Ps - 45 psia 
P V e n t  * 15 psia 
Fluid: N2 Gas at 70°F 

.1.00 D i a ,  

/ .125 Deep 

.\c' ,080 D i a .  V e n t  
,040 D i a .  Po Tap 

50 

45 

40 

15 

10 

0 

P,, P S I A  
CONTROL PRESSURE 

FIGURE 3-6(~) PRESSURE CURVES FOR VORTEX VALVES WITH CONTROL PORTS 
ENTERING THE SUPPLY PORTS AT DIFFERENT POINTS 



1.00 Dia 

Spoiler, 
.190 Di .040 Dia. Po Tap 

.080 Dia. V e n t  

I Tap 

Distance, x 
- .ooo 

x - .OS8 
A - .125 

PS = 30 psia 
PVent = 15 psia 
Fluid: N 2  Gas at 

70°F 

0 29 30 31 32 33 34 35 36 37 
Pc, PSlA 

CONTROL PRESSURE 
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3.2 FABRICATION OF CIRCUIT PLATES 

3.2,l Commutation P la tes  

Fabrication of t he  ac tua tor  commutation p l a t e s  is  
complete except for c u t t i n g  the control  s l o t s  i n  t h e  se l ec to r  and 
power valve p la t e s  and grinding a l l  p l a t e  faces. 

Figures 3-7 through 3-13 are photographs of  p l a t e s  2 
Plates 1 and 10 were not ava i lab le  f o r  photographing. through 7, 

Plates 8 and 9 have been replaced by one p l a t e  t o  which t h e  pressure 
error valve and d i rec t iona l  amplif ier  w i l l  be attached. 
is  a l s o  being machined a t  present.  
commutation c i r c u i t  shown i n  Figure 1-5-1 of t he  f irst  quar te r ly  
repor t ,  

The p l a t e  
Plates 1 through 9 make up t h e  

3,2,2 Test Plates 

Figures 3-14 through 3-16 show the  tes t  p l a t e s  which 
w i l l  be used i n  conjunction with the  commutation p l a t e s  f o r  c i r c u i t  
t e s t i n g  only, These p l a t e s  incorporate pressure t aps  f o r  measuring 
the  c r i t i c a l  pressures i n  the c i r c u i t .  
checkout, t h e  test  p l a t e s  a r e  removed. 
is approximately 90% complete. 

After ca l ib ra t ion  and c i r c u i t  
Fabrication of t h e  test  p l a t e s  

3.3 SEAL TEST FIXTURE 

The annular grooved sea l ing  p l a t e s  described i n  the  first 
The sea l ing  
Again, no leakage 

quar te r ly  report  were relapped and s i l v e r  p la ted ,  
procedure used i n  the  previous t e s t  was repeated. 
occurred and visual inspection of t h e  mating faces indicated t h a t  t h e  
seal was uniform. 

The duplication of t h i s  test ind ica tes  t h a t  t h e  s i l v e r  furnace 
bond w i l l  provide a re l iable  method of sea l ing  t h e  commutation p la tes .  

3-16 



3-17 



PLATE ITEM 2 

3-18 

POWERVALVE E LIAS HOLES\ 

POWER VALV 
OR 
SELE 
VAL'V 
OUT1 

LATE LOCATING L'ATING 

3SITION 

HOLE 

PICKOFF 
TRANSFER 
S W T S  

FIGURE 3-8(a) PLATE ITEM 2 - TOP 

FIGURE 3-8(b) PLATE ITEM 2 - BOTTOM 



PL.4TE iTEM 3 
Po,- PICKOFF HOLES TCIP 
(COMIKG m h 1  SUPPLY ORIFICES) 

,SELECTOR VALVE SUPPLY 

FIGURE 3-9(a) PLATE ITM 3 - TOP 

PLATE ITEM 3 
BOTTOM - 

lsrrnlN PICKOFF 
ILES 
0%-G TO WUGS 
PLATE ITEM 5) 

FIGURE 3-9(b) PLATE ITEM 3 - BOTTOM 
3-1 9 



. 
POSITION PICK0 
(FROM RINGS IN 
ITEM 5 TO CONT 

PLATE ITEM 4 
TOP 

FIGURE 3-10(a) PLATE ITEM 4 - TOP 

Y L  

x 
"'.ATE ITEM 4 

bTTOM 

FIGURE 3-10(b) PLATE ITEM 4 - BOTTOM 
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PLATE ITEM 5 

TO SELECTOR VALVt 
c- POSITION PI 
PRESSCRES! 

FIGURE 3- l l (b)  PLATE ITEM 5 - BO'ITOM 
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PLATE ITEM 6 
TOP 

FIGURE 3-12(a) PLATE ITEM 6 - TOP 

PLATE ITEM 6 
BOTTOM 

FIGURE 3-12(b) PLATE ITEM 6 - BOlTOM 
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FIGURE 3-13(a) PLATE ITEM 7 - TOP 

PLEFLW) 

FIGURE 3-13(b) PLATE ITEM 7 - BOTTOM 
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FIGURE 3-14 ASSEMBLY OF COMMUTATION AND TEST PLATES 
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FIGURE 3-15(s) TEST TRANSFER PLATE, NPX-104-64, BO?ToM 

FIGURE 3-15(b) TEST COVER PLATE, NPX-104-66, TOP 

3-25 



FIGURE 3-16(a) POWER VALVE TEST PLATE, NPX-104-63, BOTTOM 

'*Fs *, 

FIGURE 3-16(b) POWER SELECTOR VALVE TEST PLATE, NPX-104-65, BOTTOM 
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SECTION 4 

THIRD QUARTER GOALS 

4.1 MECHANICAL COMPONENTS 

1, Assemble actuator-motor and rework as required, 

2. Test actuator in accordance with the applicable 
Engineering Project Instructions to determine the motor static 
and dynamic characteristics. 

3, Incorporate the commutation circuitry and comtnce 
complete actuator-motor evaluation. 

4.2 COMMUTATION CIRCUITRY 

1, Assemble and test the complete circuitry, 

2. Develop and incorporate the directional amplifier 
and the pressure error valve. 

4.3 ANALYTICAL STUDIES 

1. Commence analysis of actuator-motor performance and 
compare performance with conventional actuator motors. 

2. 
compensation, 

CoaPaence an analysis of the required closed loop 
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